Higgs boson mass measurement at ∼ 125 GeV points to a high scale for SUSY specifically the scalar masses. If all the scalars are heavy, supersymmetric contribution to the leptonic g − 2 moments will be significantly reduced. On the other hand the Brookhaven experiment indicates a ∼ 3σ deviation from the standard model prediction. Here we analyze the leptonic g − 2 moments in an extended MSSM model with inclusion of a vector like leptonic generation which brings in new sources of CP violation. In this work we consider the contributions to the leptonic g − 2 moments
INTRODUCTION
The observation by ATLAS [1] and by CMS [2] of the Higgs boson with a mass of ∼ 125 GeV has put very stringent constraints on low scale supersymmetry. Since the tree level mass of the Higgs boson lies below M Z , a large loop correction from the supersymmetric sector is needed which in turn implies a high scale for the weak scale supersymmetry and specifically for the scalar masses. A large SUSY scale also has direct implications for the g µ − 2 of the muon. Thus the current experimental result gives for the muon g − 2 [3] ∆a µ = a (1) which is about a three sigma deviation from the standard model prediction. Similarly for the electron the experimental determination of g e − 2 is very accurate and the uncertainty is rather small, i.e., one has [4] ∆a e = a (2) This result relies on a QED calculation up to four loops. Thus along with Eq. (1), Eq. (2) also acts as a constraint on the standard model extensions. Supersymmetric theories with low weak scale mass can make corrections to g µ − 2 which could be as large as the standard model electroweak corrections and even larger and have strong CP phase dependence [5] [6] [7] (for early work see [8] ). These arise largely from the chargino and sneutrino exchange diagram with the neutralino and smuon exchange diagram making a relatively small contribution. However, if the scalar masses are large, the supersymmetric exchange contributions will be small due to the largeness of the sneutrino and the smuon masses.
In this work we give an analysis of the g − 2 for the muon and for the electron in an extended MSSM model with a vector like leptonic generation. We note that vector like multiplets are anomaly free and they appear in a variety of settings which include grand unified models, strings and D brane models [9] [10] [11] [12] [13] . Further, it is known that g − 2 has a sharp dependence on CP phases [5] [6] [7] . For this reason we investigate also the dependence of the muon and the electron g − 2 on the CP phases in the extended MSSM model. Here we are particularly interested in the dependence on the CP phases that arise from the new sector involving vector like leptons. We note that the CP phases are constrained in this case by the electric dipole moment of the electron which currently has the value |d e | < 8.7 × 10 −29 ecm [32] while the upper limit on the muon EDM is |d µ | < 1.9 × 10 −19 ecm [3] and is rather weak. As discussed in several works even with large phases the EDMs can be suppressed either by mass suppression [14, 15] or via the cancellation mechanism [16, [16] [17] [18] [19] [20] . Several analyses of the vector like extensions of MSSM already exist in the literature [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
The outline of the rest of the paper is as follows: In section 2 we give an analytical computation for the contribution of the vectorlike lepton generation to g − 2 of the muon and of the electron. In section (3) we give a numerical analysis of the contributions arising from MSSM and from the extended MSSM with a vector like leptonic generation.
Conclusions are given in section 4. Details of the extended MSSM model with a vector like leptonic generation are given in the Appendix. The explanation of the muon anomaly with vector like leptons was considered previously in [28] within a non-supersymmetric framework. Our analysis is within a supersymmetric framework where we carry out a simultaneous fit to both the muon as well as the electron anomaly. Further, we explore the implications of the CP phases arising from the new sector.
ANALYSIS OF gµ − 2 AND ge − 2 WITH EXCHANGE OF VECTOR LIKE LEPTONS
The extended MSSM with a vector like leptonic generation is discussed in detail in the Appendix. Using the formalism described there we compute the contribution to the anomalous magnetic moment of a charged lepton α .
We discuss now in detail the various contributions. The contribution arising from the exchange of the charginos, sneutrinos and mirror sneutrinos as shown in the left diagram in Fig. 1 is given by
where m χ − i is the mass of chargino χ − i and mν j is the mass of sneutrinoν j and where the form factors F 3 and F 4 are given by
and
The couplings appearing in Eq. (3) are given by
where D τ L,R andD ν are the charged lepton and sneutrino diagonalizing matrices and are defined by Eq. (47) and Eq.(57) and U and V are the matrices that diagonalize the chargino mass matrix M C so that [31] 
Further,
where m W is the mass of the W boson and tan β =< H The contribution arising from the exchange of neutralinos, charged sleptons and charged mirror sleptons as shown in the right diagram in Fig. 1 is given by
where the form factors are
The couplings that enter in Eq. 11 are given by
where
2m W cos β ;
and where
Here X are defined by
where X diagonalizes the neutralino mass matrix, i.e.,
Further,D τ that enter in Eqs. (14) and (15) is a matrix which diagonalizes the charged slepton mass squared matrix and is defined in Eq. (53.).
Next we compute the contribution from the exchange of the W and Z bosons. Thus the exchange of the W and the exchange of neutrinos and mirror neutrinos as shown in the left diagram of Fig. 2 gives
where the form factors are given by
The couplings that enter in Eq. (25) are given by
Here D ν L,R are matrices of a bi-unitary transformation that diagonalizes the neutrino mass matrix and are defined in Eq. (43).
Finally the exchange of the Z and the exchange of leptons and mirror leptons as shown in the right diagram of Fig.   2 gives
and m Z is the Z boson mass. The couplings that enter in Eq. (30) are given by
ESTIMATES OF ∆aµ AND ∆ae
We begin by discussing the prediction for ∆a µ and ∆a e for MSSM when the scalar masses are large lying in the several TeV region. In Tables I and II we exhibit the results for two benchmark points where we assume universality and take the scalar masses and the trilinear couplings to be all equal. We turn now to the analysis within the extended MSSM with a vector like leptonic generation. As in the analysis within MSSM here also we assume the universality of the soft parameters so that we set
in the computation of the charged slepton mass squared matrix. Similarly we assume mν
and A ντ = A νµ = A νe = A N = A 4ν = Aν 0 for the computation of the sneutrino mass squared matrix (see Appendix).
The contributions from the chargino exchange, the neutralino exchange, and the W and Z exchange are listed in Table I and Table II In the analysis of ∆a µ and ∆a e the exchange of both the sequential leptons and the mirrors play a role with the mirror exchange being the more dominant. The analysis requires diagonalization of a 5 × 5 mass matrix in the charged lepton-charged mirror lepton sector and diagonalization of a 5 × 5 mass matrix in the neutrino-mirror neutrino sector. Parameter choices are made to ensure that the eigenvalues in the charged lepton sector give the desired experimental values for e, µ and τ along with two additional masses, one for the sequential fourth generation lepton and the other for the mirror charged lepton. Their values are listed in Table III Table III for two benchmark points. The analysis also requires diagonalization of a 10 × 10 matrix in the charged slepton and charged mirror slepton sector, as well as diagonalization of a 10 × 10 matrix in the sneutrino and the mirror sneutrino sector. 
For the MSSM analysis the following parameters were used for both cases (a) and (b): The scalar masses are taken to be universal with m0 = 5000 and the trilinear coupling is taken to be universal A0 = −600. Other inputs are: χ We discuss now some further features of the analysis which includes the vector like leptonic generation. In Figure 3 we show the variation of ∆a µ as a function of m E the mass of the mirror lepton as given by Eq. (45), for four tan β values. A remarkable feature of this graph is the dependence on tan β it exhibits. Notice that for a fixed m E , ∆a µ decreases for increasing values of tan β as tan β varies from 20 to 35. Now we recall that the Yukawa coupling of a charged lepton has a 1/ cos β dependence and as a consequence the contribution of the charged lepton to ∆a µ becomes larger for larger tan β which is a well known result. However, the Yukawa coupling of the mirror lepton goes like 1/ sin β [9] and so ∆a µ decreases for larger values of tan β. This feature explains the tan β dependence in Figure   3 . It also shows that the W and Z exchange contributions in this case are being controlled by exchange of the mirror particles. A very similar dependence on tan β is exhibited by ∆a e .
The anomalous magnetic moments are quite sensitive to CP phases as first demonstrated in the analysis of [5] [6] [7] for the case of CP phases that arise in N = 1 supergravity [5, 7] and more generally for the case of MSSM [6] . In those analyses it was also found that large CP phases could be made consistent with the experimental constraints on the EDMs by the cancellation mechanism [16] [17] [18] [19] [20] . In the present analysis the contribution from the MSSM sector is suppressed and the dominant contribution arises from the W and Z exchanges. For the case of three generations this sector does not have any CP phases in the leptonic sector. However, the extended MSSM with a vector like leptonic multiplet allows for CP phases which cannot be removed by field redefinitions. It is of interest then to discuss the dependence of ∆a µ and ∆a e on the CP phases that arise in the extended MSSM. We discuss now the dependence of ∆a µ and ∆a e on such phases. In Fig. (4) we exhibit the dependence of ∆a µ and ∆a e on χ 3 , which is the phase of f 3 (see Appendix). A sharp dependence on χ 3 is seen for both ∆a µ and for ∆a e . A very similar sensitivity to the CP phase χ 6 which is the phase of h 6 (see Appendix) is exhibited in Fig. (5) . To explore further the sensitivity of ∆a µ and of ∆a e to parameters in the vector like sector we exhibit in Fig. (6) the dependence of ∆a µ and ∆a e on h 6 which is the co-efficient of the term ijχ ciψ j 4L in the superpotential (see Eq. (37)). One can see in Fig. (6) the strong dependence of ∆a µ and ∆a e on h 6 . In the analyses given so far both ∆a µ and ∆a e have very significant dependence on the parameters arising from inclusion of the vector like sector. However, there are parameters which affect ∆a e and ∆a µ differently. This is the case for |f 3 |. Here as seen in the left panel of Fig. (7) ∆a e is a sensitive function of |f 3 | but not so for the case for ∆a µ (not exhibited) because of its much larger size. Finally we note that even if the SUSY scale lies in the PeV region, the contributions from the W and Z exchange arising from Fig. (2) survive while the diagrams of Fig. (1) give a vanishingly small contribution. This is illustrated in the right panel of Fig. (7) . Table (I) .
CONCLUSION
The Higgs boson mass measurement at 126 GeV indicates a high SUSY scale, and specifically a high scale for the scalar masses. If the scalar masses are all heavy, the contribution to the leptonic moments and specifically to ∆a = a exp − a SM becomes negligible in this case. In this work we have investigated leptonic g − 2 moments within an extended MSSM model with an extra vector like generation and CP phase dependent couplings. It is found that one can achieve consistency with the experimental measurements of ∆a µ and ∆a e under the constraint of the Higgs boson mass. The dependence of the moments on CP phases from the new sector are also investigated and shown to have a very sensitive dependence. Further, it is shown that ∆a µ and ∆a e will be non-vanishing even when the SUSY scale lies in the PeV region. The model presented here can be made UV complete by including a full generation of vector like matter including both quarks and leptons. Finally we note that the work presented here has some overlap with [33] which appeared after this work was finished.
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APPENDIX ON THE EXTENDED MSSM WITH A VECTOR LIKE LEPTONIC GENERATION
In this Appendix we define the notation for the vector generation and their properties under
For the four sequential families we use the notation
where the last entry on the right hand side of each ∼ is the value of the hypercharge Y defined so that Q = T 3 + Y and we have included in our analysis the singlet field ν c i , where i runs from 1 − 4. For the mirrors we use the notation
The main difference between the leptons and the mirrors is that while the leptons have V − A type interactions with
We assume that the mirrors of the vector like generation escape acquiring mass at the GUT scale and remain light down to the electroweak scale where the superpotential of the model for the lepton part may be written in the form
whereˆimplies superfields,ψ L stands forψ 3L ,ψ µL stands forψ 2L andψ eL stands forψ 1L .
The mass terms for the neutrinos, mirror neutrinos, leptons and mirror leptons arise from the term
where ψ and A stand for generic two-component fermion and scalar fields. After spontaneous breaking of the electroweak symmetry, (
, we have the following set of mass terms written in the 4-component spinor notation so that
where the basis vectors in which the mass matrix is written is given bȳ
and the mass matrix M f of neutrinos is given by
We define the matrix element (22) of the mass matrix as m N so that
The mass matrix is not hermitian and thus one needs bi-unitary transformations to diagonalize it. We define the bi-unitary transformation so that
where ψ 1 , ψ 2 , ψ 3 , ψ 4 , ψ 5 are the mass eigenstates for the neutrinos. In the limit of no mixing we identify ψ 1 as the light tau neutrino, ψ 2 as the heavier mass mirror eigen state, ψ 3 as the muon neutrino, ψ 4 as the electron neutrino and ψ 5 as the other heavy 4-sequential generation neutrino. A similar analysis goes to the lepton mass matrix M where
We introduce now the mass parameter m E for the (22) element of the mass matrix above so that
CP phases that arise from the new sector are defined so that
As in the neutrino mass matrix case, the charged slepton mass matrix is not hermitian and thus one needs again a bi-unitary transformations to diagonalize it. We define the bi-unitary transformation so that
where τ α (α = 1 − 5) are the mass eigenstates for the charged lepton matrix.
The mass squared matrices of the slepton-mirror slepton and sneutrino-mirror sneutrino sectors come from three sources: the F term, the D term of the potential and the soft SUSY breaking terms. After spontaneous breaking of the electroweak symmetry the Lagrangian is given by
where 
We define the scalar mass squared matrix M 2 τ in the basis
We label the matrix elements of these as (M 
We assume that the masses that enter the mass squared matrix for the scalars are all of electroweak size. This mass squared matrix is hermitian and can be diagonalized with a unitary transformation.
The mass squared matrix in the sneutrino sector has a similar structure. 
